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ABSTRACT 
One hundred f i f t y - f o u r t a b l e s are p resen ted which show the r e l a t i o n s h i p s 
between r a i n f a l l r a t e , r a d a r r e f l e c t i v i t y , and a t t e n u a t i o n . These parameters 
have been c a l c u l a t e d from drop-s ize d i s t r i b u t i o n s obta ined by the drop camera 
technique. Ca lcu la t ions of a t t e n u a t i o n and r e f l e c t i v i t y were made using t h e 
Mie theory for wavelengths of 1 0 . 0 , 4.0, 3 . 2 , 1 .87, 0 . 8 6 , and 0.43 cm. 
Logarithmic r e g r e s s i o n s have a l s o been c a l c u l a t e d f o r these pa ramete r s . These 
t a b l e s have been prepared fo r da ta obta ined from I l l i n o i s . , F l o r i d a , Oregon, 
Majuro, Alaska, Indones ia , New J e r s e y , and North Ca ro l ina . 
Other t a b l e s showing the r e l a t i o n s h i p s of the d rop-s i ze median volume 
diameter and l i q u i d water content to r e f l e c t i v i t y are p resen ted for New Je r sey 
and North Caro l ina at 4.0 and 3.2 cm. A t a b l e of the r e l a t i o n s h i p of 4.0-cm 
a t t e n u a t i o n to 3.2-cm r e f l e c t i v i t y is inc luded for New Je r sey and North C a r o l i n a . 
- i i -
TABLE OF CONTENTS 
Page 
LIST OF TABLES ................................................. iv 
INTRODUCTION ................................................... 1 
ANALYTICAL PROCEDURE ........................................... 1 
TABULATED DATA ................................................. 3 
LOGARITHMIC REGRESSIONS ........................................ 3 
REFERENCES ....................................................... 5 
- i i i -
LIST OF TABLES 
Table 
No. Page 
1 Index of r e f r a c t i o n of water at 10°C as a funct ion of wavelength 2 
2 I l l i n o i s r e f l e c t i v i t y for 10.0 cm as a funct ion of r a i n f a l l r a t e 6 
3 " 4.0 " 6 
4 " 3.2 " 7 
5 " 1.87 " 7 
6 " 0.86 " 8 
7 " 0.43 " 8 
8 I l l i n o i s a t t e n u a t i o n fo r 10.0 " 9 
9 " 4.0 " 9 
10 " 3.2 " 10 
11 " 1.87 " 10 
12 " 0.86 " 1 1 
13 " 0.43 " 11 
14 I l l i n o i s r a i n f a l l r a t e as a funct ion of r e f l e c t i v i t y f o r 10.0 cm 12 
15 " " 4.0 " 13 
16 " " 3.2 " 14 
17 I l l i n o i s a t t e n u a t i o n as a funct ion of r e f l e c t i v i t y fo r 10.0 cm 15 
18 " " 4.0 " 16 
19 " " 3.2 " 17 
20 Florida reflectivity for 10.0 cm as a function of rainfall rate 18 
21 " 4.0 " 18 
22 " 3.2 " 19 
23 " 1.87 " 19 
24 " 0.86 " 20 
25 " 0.43 " 20 
26 Florida attenuation for 10.0 " 21 
27 " 4.0 " 21 
28 " 3.2 " 22 
29 " 1.87 " 22 
30 " 0.86 " 23 
31 " 0.43 " 23 
-iv-
Table 
No. Page 
32 Florida rainfall rate as a function of reflectivity for 10.0 cm 24 
33 " " 4.0 " 25 
34 " " 3.2 " 26 
35 Florida attenuation as a function of reflectivity for 10.0 cm 27 
36 " " 4.0 " 28 
37 " " 3.2 " 29 
38 Oregon r e f l e c t i v i t y f o r 1 0 . 0 cm as a f u n c t i o n of r a i n f a l l r a t e 30 
39 " 4 . 0 " 30 
40 " 3 .2 " 31 
41 " 1.87 " 31 
42 " 0 .86 " 32 
43 " 0 . 4 3 " 32 
44 Oregon a t t e n u a t i o n f o r 1 0 . 0 " 33 
45 " 4 .0 " 33 
46 " 3 .2 " 34 
47 " 1 .87 " 34 
48 " 0 .86 " 35 
49 " 0 . 4 3 " 35 
50 Oregon r a i n f a l l r a t e as a f u n c t i o n of r e f l e c t i v i t y f o r 1 0 . 0 cm 36 
51 " " 4.0 " 36 
52 " " 3.2 " 37 
53 Oregon attenuation as a function of reflectivity for 10.0 cm 37 
54 " " 4.0 " 38 
55 " " 3.2 " 38 
56 Majuro reflectivity for 10.0 cm as a function of rainfall rate 39 
57 " 4.0 " 39 
58 " 3.2 " 40 
59 " 1.87 " 40 
60 " 0.86 " 41 
61 " 0.43 " 41 
62 Majuro attenuation for 10.0                   "                            42 
63 " 4.0 " 42 
64 " 3.2 " 43 
65 " 1.87 " 43 
-v-
Table 
No. Page 
66 Majuro attenuation for 0.86 cm as a function of rainfall rate 44 
67 " 0.43 " 44 
68 Majuro rainfall rate as a function of reflectivity for 10.0 cm 45 
69 " " 4.0 " 46 
70 " " 3.2 " 47 
71 Majuro attenuation as a function of reflectivity for 10.0 cm 48 
72 " " 4.0 " 49 
73 " " 3.2 " 50 
74 Alaska reflectivity for 10.0 cm as a function of rainfall rate 51 
75 " 4.0 " 51 
76 " 3.2 " 52 
77 " 1.87 " 52 
78 " 0.86 " 53 
79 " 0.43 " 53 
80 Alaska attenuation for 10.0 " 54 
81 " 4.0 " 54 
82 " 3.2 " 55 
83 " 1.87 " 55 
84 " 0.86 " 56 
85 " 0.43 " 56 
86 Alaska rainfall rate as a function of reflectivity for 10.0 cm 57 
87 " " 4.0 " 58 
88 " " 3.2 " 59 
89 Alaska a t t e n u a t i o n as a funct ion of r e f l e c t i v i t y for 10.0 cm 60 
90 " " 4.0 " 61 
91 i i " 3.2 " 62 
92 Indonesia reflectivity for 10.0 cm as a function of rainfall rate 63 
93 " 4.0 " 63 
94 " 3.2 " 64 
95 " 1.87 " 64 
96 " 0.86 " 65 
97 " 0.43 " 65 
-vi-
Table 
No. Page 
9 8 Indonesia attenuation for 10.0 cm as a function of rainfall rate 66 
99 " 4.0 " 66 
100 " 3.2 " 67 
101 " 1.87 " 67 
102 " 0.86 " 68 
103 " 0.43 " 68 
104 Indones ia r a i n f a l l r a t e as a funct ion of r e f l e c t i v i t y for 10.0 cm 69 
105 " " 4.0 " 70 
106 " " 3.2 " 71 
107 Indonesia attenuation as a function of reflectivity for 10.0 cm 72 
108 " " 4.0 " 73 
109 " " 3.2 " 74 
110 New Jersey reflectivity for 10.0 cm as a function of rainfall rate 75 
111 " 4.0 " 75 
112 " 3.2 " 76 
113 " 1.87 " 76 
114 " 0.86 " 77 
115 " 0.43 " 77 
116 New Jersey attenuation for 10.0 " 78 
117 " 4.0 " 78 
118 " 3.2 " 79 
119 " 1.87 " 79 
120 " 0.86 " 80 
121 " 0.43 " 80 
122 New Jersey rainfall rate as a function of reflectivity for 10.0 cm 81 
123 " " 4.0 " 82 
124 " " 3.2 " 83 
125 New Jersey attenuation as a function of reflectivity for 10.0 cm 84 
126 " " 4.0 " 85 
127 " " 3.2 " 86 
128 New Jersey median volume diameter as a function of reflectivity for 4.0 cm 87 
129 " " 3.2 " 88 
- v i i -
Table 
No. Page 
130 New Jersey liquid water content as a function of reflectivity for 4.0 cm 89 
131 " " 3.2 " 90 
132 New Jersey attenuation for 4.0 cm as a function of reflectivity for 3.2 cm 91 
133 North Carolina reflectivity for 10.0 cm as a function of rainfall rate 92 
134 " 4.0 " 92 
135 " 3.2 " 93 
136 " 1.87 " 93 
137 " 0.86 " 94 
138 " 0.43 " 94 
139 North Carolina attenuation for 10.0 " 95 
140 " 4.0 " 95 
141 " 3.2 " 96 
142 " 1.87 " 96 
143 " 0.86 " 97 
144 " 0.43 " 97 
145 North Carolina rainfall rate as a function of reflectivity for 10.0 cm 9 8 
146 " " 4.0 " 99 
147 " " 3.2 " 100 
148 North Caro l ina a t t e n u a t i o n as a funct ion of r e f l e c t i v i t y for 10.0 cm 101 
149 " " 4.0 " 102 
150 " " 3.2 " 103 
151 N. Carolina median volume diameter as a function of reflectivity for 4.0 cm 104 
152 " " 3.2 " 105 
153 N. Carolina liquid water content as a function of reflectivity for 4.0 cm 106 
154 " " 3.2 " 107 
155 N. Carolina attenuation for 4.0 cm as a function of reflectivity for 3,2 cm 10 8 
156 Regression coefficients for reflectivity as a function of rainfall rate 109 
157 " attenuation " " 110 
15 8 " rainfall rate " reflectivity 111 
159 " liquid water content " " 111 
160 " attenuation " " 112 
161 " attenuation at 4.0 cm " reflectivity at 3.2 cm 112 
- v i i i -
INTRODUCTION 
During the p a s t 16 y e a r s , over 21,000 drop camera samples of d rop-s ize 
d i s t r i b u t i o n s have been obta ined with the suppor t of the U. S. Army. These 
samples each r ep re sen t one cubic meter of space , u sua l ly taken at one minute 
i n t e r v a l s and a minimum of 1700 samples have been c o l l e c t e d at each of e i g h t 
d i f f e r e n t l o c a t i o n s . 
The major use of t he se da ta has been the de terminat ion of r a i n f a l l - r a d a r 
r e f l e c t i v i t y r e l a t i o n s h i p s fo r 3-cm r a d a r . Recent ly , t h e r e has been an 
inc reased i n t e r e s t in the r a i n f a l l a t t e n u a t i o n of r a d i o s i g n a l s a t a wide range 
of wavelengths . Also , i t has been des i red t h a t the r e l a t i o n s h i p s o f a t t e n u a t i o n 
to r a i n f a l l and r e f l e c t i v i t y be expressed in a t a b u l a r form which does not force 
the da ta i n t o any preconceived mathematical form. There fore , t a b l e s were 
prepared showing the r e l a t i o n s h i p s between var ious me teoro log ica l and s c a t t e r i n g 
parameters as c a l cu l a t ed from the d rop-s ize d a t a . 
ANALYTICAL PROCEDURE 
The b a s i c da ta for the c a l c u l a t i o n s are the drop s i z e s p e c t r a obta ined 
with the drop camera a t t he fol lowing l o c a t i o n s : Champaign, I l l i n o i s ; Miami, 
F l o r i d a ; Corva l l i s , Oregon; Bogor, Indones ia ; Majuro, Marshal l I s l a n d s ; F r a n k l i n , 
North Ca ro l ina ; Woody I s l a n d , Alaska; and I s l and Beach, New J e r s e y . For a 
d e s c r i p t i o n of t h i s da ta see Technica l Report EC0M-000 32-F or ECOM-02071-3. 
A computer program f o r de terminat ion of t h e s c a t t e r i n g parameters was obta ined 
through the cour tesy of R. K. Crane of Lincoln L a b o r a t o r i e s , Massachusetts 
I n s t i t u t e of Technology.1 Crane ' s program is based on the Mie s c a t t e r i n g theory 
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as presented by Van de Hulst.2 This program was modified slightly with respect 
to the method used for estimating the distribution of raindrops within a class 
interval, but was otherwise unchanged. 
The drop temperature was assumed to be 10°C for all calculations. Table 1 
shows the refractive index of water at the various frequencies and wavelengths 
as used in these calculations. The equations of Grant et al.3 were used in the 
calculation of the index of refraction. In all previous work by the authors the 
index of refraction of 8.18-il.96 was used. This value corresponded to early 
measurements by Saxton and reported by Kerr4 for water at 18°C with X = 3.0 cm. 
The more recent work of Grant is considered more accurate. 
The scattering coefficients calculated by the Crane program were combined 
with the drop data to obtain the reflectivity, n , in units of M-1*, and the 
attenuation coefficient in DB/KM. Rainfall rate was also calculated from drop 
data, using the terminal velocity data of Gunn and Kinzer.5 
Table 1. Index of Refraction of Water at 10°C 
as a Function of Wavelength 
* Capital M is used for meters in order to conform with the computer output. 
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TABULATED DATA 
Tables have been prepared for various relationships of the radar 
reflectivity factor, the attenuation coefficient, and rainfall rate. For two 
locations, New Jersey and North Carolina, tables have also been prepared of 
median volume diameter and liquid water content as a function of reflectivity 
at 3.2 and 4.0 cm. Also, for these two locations, attenuation at 4.0 cm as 
a function of reflectivity at 3.2 cm has been tabulated. These tables are 
tables 2 through 155 of this report, beginning on page 6. 
On these tables, each line contains the data for a l-db increment of the 
independent variable. The "threshold" value of this variable is the lower 
limit of the increment. The highest and lowest observed values of the independent 
variable within the limits of the increment are tabulated, along with the mean 
of all values in the increment. 
The remainder of each line shows the dependent variable data for the 
points within each increment. The mean, minimum, 25 percentile, 50 percentile, 
75 percentile, and the maximum values are tabulated, followed by "N", the number 
of data points in the increment. The percentiles have not been calculated 
where there were less than 4 points. 
LOGARITHMIC REGRESSIONS 
As a convenient by-product of the calculations of the data tables, 
logarithmic least squares regressions were calculated for most of the relationships. 
The regression coefficients are presented in tables 156 through 161, beginning 
on page 109. 
-3-
The equations for these relationships are of the form y = AxB, where x 
is the independent variable and y is the dependent variable. If the transformation 
is made that Y = log y and X = log x, then the coefficients A and B are found 
from 
and 
The correlation coefficient, r, is found from 
and standard error of estimate, SEE, is given by 
The standard error of estimate has the units of the logarithm (base 10) of the 
dependent variable. 
The number of data points, NS, varies due to the fact that some data points 
were outside of the range allowed in the computer program for the size of the 
independent variable. Almost all of these lost points are those with the rainfall 
rate less than 0.1 mm/hr when the rainfall rate was the independent variable. 
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TABLE 2. ILLINOIS REFLECTIVITY FDR 10.0 CM, 10 DEGREES C 
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